Introduction
Chronic obstructive pulmonary disease (COPD) is a highly prevalent and progressive respiratory disease. 1 Although mortality for COPD is decreasing in developed countries, 2 it remains a major cause of morbidity and mortality worldwide. 1 Up to 10.2% of adults aged 40-80 years are affected by COPD in Spain, 3 and individuals with COPD experience significant impairment in health-related quality of life (HRQL). 4 Health utility is a measurement of an individual's preference that shows the value placed on different health states over a specific period. Health utilities are generally measured on a scale of 0-1, with 0 reflecting states of health equivalent to death and 1 reflecting the best possible health status, but sometimes negative values can be obtained, reflecting health states deemed worse than death. 5 Health utilities can help us to understand the impact of diseases on HRQL and are widely used in health economics, as they provide information for clinicians, managers, and other decision-makers on the individual's preferences given to certain health states. 6 Health utilities also allow measuring of the benefits of health interventions in terms of quality-adjusted life years, and are an essential parameter in cost-utility analyses, which are the recommended type of economic evaluation. 7 Another advantage of health utilities is that they allow comparisons between different diseases. 5 In daily clinical practice, the most common instruments for estimating health utilities are preference-based generic HRQL questionnaires, of which the EuroQol-5D (EQ-5D) is the most widely used. 8 Furthermore, the EQ-5D questionnaire is recommended by health technology assessment bodies like the National Institute for Health and Care Excellence and the Haute Autorité de Santé. 6, 9 Various international and Spanish studies have estimated utilities in COPD. 3, [10] [11] [12] [13] [14] [15] [16] [17] [18] However, information on the factors that influence the estimation of utilities in COPD is scarce. Therefore, our objective was to identify the demographic and clinical variables associated with utilities in patients with COPD.
Materials and methods
This was a multicenter, observational, cross-sectional study including COPD patients recruited between October 2012 and April 2013 from 15 Spanish hospitals with the objective of estimating utilities associated with COPD. More information about study design is detailed in a previous manuscript, wherein we reported utilities stratified by different COPD staging systems. 18 The study was approved by the Clinical Research and Ethics Committee of Hospital Clinic (Barcelona, Spain), and all patients gave written informed consent to participate.
study population
Patients of both sexes, aged 40 years, with a diagnosis of COPD confirmed by spirometry (post-bronchodilator forced expiratory volume in 1 second [FEV 1 ]/forced vital capacity 0.70 and FEV 1 80%) were included. All patients who attended a scheduled outpatient visit and fulfilled the inclusion/exclusion criteria were recruited consecutively by the investigator of each center until the number of patients required had been obtained. In addition, patients had to have been in a stable state for the previous 2 months (no exacerbations, hospitalizations, or changes in treatment), and be current or former smokers. Patients with other respiratory diseases, advanced cancer (with no possibility of remission), terminal patients or those receiving palliative care, and patients with cognitive impairment unable to understand or complete the informed consent form and questionnaires were excluded.
The sample size was determined by the primary objective that was to determine utilities in stable COPD patients stratified by lung function, as described previously. 18 
Data collection and measurements
The main demographic and clinical variables were collected using a case report form specifically designed for the study. Pre-and post-bronchodilator lung function data were obtained from spirometric testing (last measurement performed in the previous 12 months or, if not available, performed during the inclusion visit).
Comorbidities were evaluated using the Charlson comorbidity index, which predicts 10-year mortality for a patient who may have a range of comorbid conditions. 19 In addition, each patient completed the EQ-5D-3L questionnaire as well as the COPD Assessment Test (CAT) 20 and the modified Medical Research Council Dyspnea Scale (mMRC) 21 to assess patient symptomatology.
EQ-5D-3L is a preference-based generic HRQL questionnaire consisting of five dimensions relating to health (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression). Each dimension is divided into three levels of functioning (no problems, some problems, and extreme problems). Respondents are asked to describe their health status by ticking off one level of functioning for each of the five dimensions, generating up to 243 different health states. The questionnaire also includes a visual analog scale in which respondents are asked to value their overall health status on a scale from 0 (worst imaginable health state) to 100 (best imaginable health state). 8 CAT is a COPD-specific questionnaire that measures the impact of the disease on HRQL and allows symptoms to be described. It evaluates the following symptoms: ongoing cough, breathlessness, wheezing, chest tightness, impairment in daily activities, confidence, quality of sleep, and energy. CAT scores range from 0 to 40, with 0 representing the lowest impact on HRQL and 40 the maximum impact. 20 mMRC measures the impact of dyspnea on the activities of daily living. The score ranges from 0 (no dyspnea) to 4 (dyspnea preventing the patient leaving home or which appears with activities such as dressing or undressing). In the univariate descriptive analysis, quantitative variables were described using means and standard deviations and medians and interquartile ranges. Categorical variables were described as absolute frequencies and percentages.
Utilities were derived from EQ-5D-3L scores by applying weighted Spanish societal preferences using the following formula: 
To determine the association between demographic and clinical variables and utility, bivariate analyses were made using nonparametric tests (Kruskal-Wallis and MannWhitney U-tests for categorical variables and Kendall's tau and Spearman's rho for quantitative variables) due to the strong asymmetry of the utility values. 11, 12 Additionally, to determine the contribution of each of the variables, a multivariate linear regression model with utility values as dependent variable was developed based on the results of the bivariate analyses and on the clinical criterion and interest of each variable. Coding of variables was, in general, established in previous analyses, although some variables were recoded to provide practical information in the clinical context. In the case of categorical variables, the category with the highest representation was used as the reference group to obtain greater precision at baseline level. For each of the candidate variables to be entered in the multivariate model, a univariate linear regression model was fitted in order to compare the raw effects with the adjusted effects obtained in the multivariate regression. The interactions between variables were explored, but, finally, only the main effects were considered, in order to obtain a parsimonious model that was easy to use and interpret.
The model was fitted by stepwise forward regression, adding variables according to the t-statistic and the corresponding P-value, and establishing the input and output thresholds of variables as 0.05. As recommended by Brazier et al the performance of the final model was evaluated using the mean error, the mean absolute error, the mean absolute percentage error, and the root mean square error (see Equations S1-S4). 23 These goodness-of-fit indicators were calculated for the entire range of utilities and for intervals in order to evaluate the behavior of the model throughout the range of utilities.
Statistical significance was established as alpha =0.05. The analyses were performed using the R version 3.1.0 statistical package. 24 
Results
A total of 358 patients were recruited, of whom 346 met all the selection criteria and were included in the final analysis. Table 1 shows the characteristics of the study population.
The mean utility obtained from EQ-5D-3L was 0.73 (standard deviation =0.29) and the median was 0.81 (interquartile range =0.26). The range of utilities observed was -0.482 to 1 (Table 1) , and 22% of patients had a utility value equal to 1 ("ceiling effect"), which was reflected in a strong asymmetry in the distribution of utility values, where 8.1% of patients had a utility lower than 0.2, representing very poor HRQL, and 3.2% had a utility lower than 0, signifying a health status worse than death.
The bivariate analyses found no significant association between utility and age, smoking status, total packs-years, time since diagnosis, body mass index (BMI), the presence of comorbidities, or Charlson index (Table 2 ). However, a statistically significant association was found between utilities and sex, time since diagnosis, lung function, positive bronchodilator test, history of exacerbations, and CAT and mMRC scores. Utilities were significantly higher in males than in females (median 0.82 versus 0.74, P=0.002) and in patients with milder disease (P0.001), and showed a positive association with lung function (Kendall's tau =0.24, P0.001, and Spearman's rho =0.34, P0.001). Figure 1A shows the box plot of utilities stratified by disease severity and illustrates that utility values decreased as lung function declined (P0.001; all pairwise comparisons were statistically significant). In addition, utility values were significantly higher in patients with a positive bronchodilator test (median 0.89 versus 0.81, P=0.02). Patients without exacerbations had significantly higher utility values than patients with one or more exacerbations in the previous year (median 0.87 versus 0.78, P0.001). This association was also observed when the utility values of patients with less than two exacerbations and those with two or more were compared (median 0.84 versus 0.74, P0.001) ( Figure 1B) . Utility values were also significantly associated with both CAT (P0.001) and mMRC (P0.001) scores, with the lowest utility values in those patients with more symptoms and with more severe dyspnea ( Table 2 ; Figure 1C and D).
The multivariate analysis included the variables age, sex, smoking status, time since diagnosis, BMI, the most frequent comorbidities, Charlson index, lung function measured as FEV 1 predicted post-bronchodilator (continuous), positive bronchodilator test, number of exacerbations, and mMRC score. The CAT score was not included in the multivariate analysis, due to the fact that this is a questionnaire designed to measure the impact of COPD on a patient's life and due to its correlation with the EQ-5D questionnaire.
The final fitted linear regression model included sex, the number of exacerbations, and mMRC score (Table 3) (Table 3) .
Discussion
This study assessed HRQL, measured in terms of utility, in patients with stable COPD, and studied the relationship between the main demographic and clinical characteristics and utility values in order to show the impact of the disease and its main features on the self-perceived health status of patients.
The mean utility value obtained was 0.73, similar to the 0.69 obtained in a previous large study of 4,574 Spanish COPD patients, 15 but showed a significant reduction of 0.14 (P0.001) compared to values for the current Spanish population of the same age range. 25 In a Spanish epidemiological population-based study, patients identified as having COPD had a mean utility value of 0.86, which rose to 0.90 in patients without a previous diagnosis of COPD, exactly the same value as control subjects from 40 to 80 years, but was reduced to 0.77 in patients with a previous diagnosis of COPD.
3 These values are also similar to those reported in international studies such as the Understanding the Potential Long-term Impacts on Function with Tiotropium trial (UPLIFT), wherein the mean utility value was 0.76, with significantly lower values in patients with more severe airflow limitation (from 0.79 in stage II to 0.65 in stage IV [Global initiative for chronic Obstructive Lung Disease stages]). 12 While most studies have found a weak relationship between low FEV 1 and impaired HRQL, 25,26 studies specifically designed to evaluate the association between utility values and FEV 1 found a statistically significant association. 11, 12 We also observed lower utility values in more severe patients in previously published research, 18 but impairment in FEV 1 did not remain as a predictor of impairment in utilities when other health determinant factors were taken into account in the multivariate analysis.
Variables significantly associated with utility scores in the multivariate analysis were sex, history of exacerbations in the previous 12 months, and the level of dyspnea. Worse utility values were found in females, as previously described in both the general population and in COPD patients. 16, 25, [27] [28] [29] The utility values observed were 0.82 for males and 0.74 for females, similar to the 0.78 and 0.69 observed, respectively, in another large Spanish study. 16 Moreover, studies in COPD showed that clinical and physiological variables associated with HRQL, measured by the St George's Respiratory Questionnaire (which is specifically for COPD), also differed between males and females. 28 Both dyspnea and the history of exacerbations have been reported to be two of the variables with the greatest impact on HRQL in COPD patients. The systematic review by Tsiligianni et al found that the factor that most determined HRQL was dyspnea, which was strongly negatively associated with the health status and had the highest correlations with health status questionnaires. 26 Likewise, studies by Miravitlles et al and Villar et al found a strong association between dyspnea and HRQL. 30, 31 Dyspnea is the starting point of a vicious circle that involves reduced physical activity and a poor health status, and which is linked to poor outcomes, such as an increased risk of hospitalization and mortality. 32, 33 A significant relationship has been found between mean time walked per day by COPD patients and utility scores, increasing from 0.49 in patients walking 30 minutes per day, to 0.66 in those walking between 30 and 60 minutes and 0.76 for those who walked 60 minutes per day (P0.001). 34 In fact, utility scores were one of the three factors significantly associated with physical activity, together with the severity of COPD and the presence of depression. 34 The history of exacerbations has also been reported to be associated with HRQL, [35] [36] [37] and has been described as a double effect, with worsening HRQL acting as a marker of the risk of exacerbations and more frequent hospital admissions which, in turn, affect HRQL. 36 In fact, utilities are significantly affected by exacerbations. In a study on 346 patients with an exacerbation of COPD, the mean utility value at the onset of the exacerbation was 0.54, rising to 0.61 at 1-month follow-up.
14 Interestingly, utility values at onset were a marker of the evolution of the exacerbation, with significantly worse scores in those patients who failed the treatment of the exacerbation compared with those who recovered (0.48 versus 0.57, P=0.002). Eventually, worse utility values would also identify those patients with a high health care resource utilization. 38 The multivariate linear model explained 38% of the variability in utility values; this percentage is similar to that found in previous multivariate analyses. Bentsen et al found that the variables analyzed explained 49.6% of the variability in reported HRQL using generic questionnaires and 19.2% when a specific questionnaire was used. 39 The goodness-of-fit indicators of the model show that the model predictions are more accurate for high utility values, ie, for good and/or moderate health states. Even so, the values found are within the range of values from similar models, showing that the model behaves at least as well as similar reported models. 23 Other variables showed an association with utility scores in the bivariate, but not in the multivariate, analysis. This was the case with low BMI, which was not significant in the multivariate analysis, probably due to the unexpected low number of patients with low BMI in our population.
Similarly, another study has found an association between utility values and comorbidities, mainly heart disease and depression. 40 Our results did not show this association, even though patients with cardiovascular disease had a lower utility value than those without, probably due to the lack of power in the hypothesis testing.
A strong association has been found between utilities and CAT scores. 41 Our results confirm the value of the CAT questionnaire in the evaluation of the impact of COPD and justify its exclusion from the variables included in the multivariate analysis, since both scales measure the impact of COPD on a patient's life. Moreover, we wanted to investigate the demographic and clinical characteristics associated with utilities and, therefore, we did not consider the inclusion of another health status questionnaire in the model.
The results of this study are relevant to the understanding of the impact of COPD on HRQL for two main reasons. First, the identification of variables that impact on HRQL may allow the incorporation of changes in the clinical management of patients with stable COPD. Second, utility values are an essential parameter in economic evaluations, specifically in cost-utility analyses in which effectiveness is measured in quality-adjusted life years. Determination of both the utility value and the influence of different variables on it may help build more accurate models for economic evaluation.
Some limitations of the study may have influenced the results. First, in the study design, the sample size calculation was designed for the primary objective of the study that was to estimate the association between utility and lung function impairment. For this reason, the power of the sample to determine other associations may be limited, particularly in the multivariate analysis, in which the impact of several factors was evaluated simultaneously. Second, patients with mild COPD were not included and, therefore, the results cannot be extrapolated to this group of patients. Similarly, in order to obtain utility estimates without the impact on quality of life of current exacerbations, we only included patients who were in a stable state during the previous 2 months. Hence, the results should be interpreted with caution when extrapolated to non-stable COPD patients. Third, the use of generic questionnaires to determine HRQL is controversial, as they may have less discriminative power. 42 While this may be true, the EQ-5D questionnaire was selected as it is recommended for obtaining utility values, with studies supporting its validity in assessing the impact of COPD on HRQL. 11, 12 In addition, patients also completed the specific CAT questionnaire, and there was a moderate-to-strong correlation (Spearman's rho =-0.63 [P0.001], Kendall's tau =-0.48 [P0.001]) between CAT scores and utility values obtained by the EQ-5D questionnaire. Fourth, the study confirmed the so-called ceiling effect, as 22% of patients had the best possible utility value. Although this percentage is consistent with that observed in a previous study, 12 the ceiling effect may limit the validity of the results obtained in the linear regression model. To overcome this potential limitation, the same multivariate analysis was performed using the Tobit and censored least absolute deviations models (Table S1) , which take into account the apparent censure in utility values due to the ceiling effect. The three models showed equivalent results (the factors significantly associated with utility values were the same) and, of the three models, linear regression showed the best fit. Finally, 85.5% of the patients enrolled were males. Although this is consistent with the epidemiology of COPD in Spain, 3 the results should be interpreted with caution when extrapolated to females.
Conclusion
This study found that the clinical variables with the greatest influence on HRQL in COPD patients were symptoms such as dyspnea and a history of exacerbations. Lung function, despite being a significant factor in the univariate analysis, lost its significant association with utility values in the multivariate analysis. The estimates obtained from utility values and the impact that the associated variables may have on utility values may allow the incorporation of changes in the clinical management of patients with stable COPD and also could be useful in economic evaluations such as cost-utility analyses.
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where mMRC is the modified Medical Research Council Dyspnea Scale. 
